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Soil properties M\?glsd’e';ed

specific gravity, Gs 2.67
Cationic exchange capacity(CEC), Cmol kg 105
Specific surface area (SSA), m?/g 25

Liquid limit (LL), % 382
plasticity index (PI), % 19

Soil classification CL
Maximum dray Density, gr/m? 1.56
Optimum moisture content, % 28.5

Table 1. The physico-chemical properties of the Kaolinite clay
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Compounds Measured values
SiO2 58.26
Al203 29.43
Fe203 1.14
CaO 0.89
MgO 0.16
K20 0.51
Na20 <0.1
Loss of ignition 9.24
Table 2. Results of Main chemical compositions of the
Kaolinite clay
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Fig. 2. The adsorption rate of Pb?* and Zn?* in the pH
ranged from 2 to 12 for concentration 20 Cmol kgt in
the binary-component system.
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Fig. 1. The adsorption rate of Pb?*and Zn?*in pH range of 2 to
12 for concentration of 20 Cmol kg™ in a single-component
system.
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Fig. 4. Changes in Pb?* and Zn?* absorption rates in the
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Cud S8 S bu g Zn? 4 ol PP i Gl e
Sy e 4 Ol e 1) e 5 2l S S e 0
o3 S 31281 313 LLISI (5 Comd o Il 3dsda
s opl e uly o Sl Gl Cud i e @
S8 Sl I 4SS PO G655 S 5 s 3

O D0 Do Slap Fonl ST Ry -T-F
Pl (8595
e 5 Jglee 53 0dipd Jo LlE s dlaly Lap 5
Slapsanl rpdse SIS e Ol 1 o3l s O
0 el GRY) et s B e SO Sl Ol e i
138,39, ol o 1,1 (%) Jsd 55 T 5L, Jaly, oS

47]
e gl Sl ol Ll ¥ gl
oylad pF9z! by aal, s
4h.3|) [N
c dc, _—
¢ R3S e = Qmax 1+dec, S K
° C:J'Lfe de = KFCel/n S S
1 -~ =KqC 5 SO
=) e= M e il
23Sy ) b;C,;
v Qei = Q" —n—— S
Lf‘j,._x,&: t L 1 +Z;~l=1 b]CEJ
Table 3. The adsorption isotherm equations.
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Fig. 3. Changes in Pb?* and Zn?* absorption rates in the single-
component systems with various concentrations.
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Metal Adsorption Liner constants Langmuir constants freundlich constants
ions systems qC%m/ 9™ Xim R2 qCim/ 4™Xim R2 qCim/ 4™Xim R2
Pb2* Pb?* 1 0.9994 1 1 1 0.9328
Pb2*- Zn2* 1 1 1 0.9670 1 0.9649
72+ Zn* 7.985 0.9474 7.985 0.9983 7.985 0.9879
Zn?*- pp?* 1 0.9986 1 0.9911 1 0.6726

Table 4. Comparative constants of isothermal adsorption for Pb?* and Zn?* in single-component and binary component systems for
contaminated Kaolinite clay with 20 Cmol kg concentration.
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Fig. 5. Isothermal adsorption of Zn?* in single and binary-
component systems.
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Metal ions Adsorption Langmuir constants Competitive constants
systems qCim/ 9™im d R2 q™im / 0%m Qe aio AY (%)
Pp2+ Pb2 1 0.0005 1 1 1 1 0
Pb2*- Zn?* 1 0.0005 0.9670 0.9985 0.964 0.771 0.15
72+ Zn** 7.985 0.0035 0.9983 1 1 1 0
Zn*- Ph** 1 0.0001 0.9911 0.1252 0.036 0.229 87.48

Table 5. Constants of isothermal adsorption for Pb2* and Zn?* in single-component and binary-component systems for contaminated
Kaolinite clay with 20 Cmol kg concentration
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Table 6. Constants kinetic equation for Pb?* and Zn?* in single-component and binary-component systems contaminated Kaolinite

Metal ions Adsorption Pseudo-first-order equation Pseudo-second-order equation
systems e (Mg/g) K1 R? ge (Ma/q) Kz R?

Ph2+ Pb2* 409.65 0.0015 0.9811 2000 0.00008 0.7985
Pb2+- Zn2* 771.70 0.0014 0.9704 1666.7 0.00007 0.7753

Zn2+ Zn% 218.15 0.0021 0.8870 1111.11 0.00001 0.9140
Zn?*- Pb* 180.73 0.0021 0.8085 2000 0.0000004 0.8810

clay with 20 Cmol kg* concentration.


http://dx.doi.org/10.22034/23.6.7
https://mcej.modares.ac.ir/article-16-65830-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 |

[ DOI: 10.22034/23.6.7 ]

VeY JL»/W@)L@J/(’}N)C.MM;:U}:

S spie ey b Jole t Bl 53 UG e U
il p92 050 b 5 Ke (G o sed e Sl 208
2 dsa Bl Yo cBle gl ey pss ad 050 ol
o 08 olea b ol 53 5 0mly Do S5 a0 S 5hS
Slr 533 po 5 sl 4t 056 &5 slie das o 535 U
SSL s eSS dpe Sl Y Bl s Sl ot
L el s o3l il (V) Jode ol 53 ot 56 sla
S as Lasie (Solclle ol ke sk olis anslis
[19] 55 ctd 518 S s g5 3l i o gln K

= dse mla Y cble ko sk slas sl b
s & o O k2‘5k14j.,\_.ivov\.ﬁuﬂcr‘)§j_l§
L ) o2y (S0l 2o 5 25 e 52 S5l
s ko Lg\f.j.);;ﬁﬁlﬁJ_U):).a).&;»wyﬁ):kl
2 e e 8 S DI p g e i
M)sASL;)HJJ.:ﬁﬁ\ﬁ@Uy):JLAWJJ
S s kzj‘Mwi?dj);JjJIklﬁbuﬂtw
s 33 i e 53 (S35 5B Sl KL 5 55 i SIS
Sl 3,80 @l 53 (S5 S () Ko Js 55 ol oUss
e Ol s Jol s g (ST 65 s 5 2ty
G 5w Sl s gl ST Cls s S
U:lx,al_gufzjjdil_?ﬁ):p (e 3 Ol 4 o
ot Sl Lol el Gt BB a5 Jol ad 0536
‘&UJJJJJJ;AW): o LgLa&f:)ﬁgJ\;,— o
osle ol 935 £ s oels 4_‘.>L«.AJ_A)'\ O‘)_?v_n.ki.é
120, 40] 3 5o

S5 domi ¢

Sl pbs G5 e 3 Dl G Sk
S s, (Zn* L PP s i R — (Zn?*-Pb%*)
i &yl aslsl 3 S 1 Jaw e clale s o SIS
Ao So 15 e 5 255 oS 5 s Lol 15 53 2 53 ()
Sl s PH=2) il Lol s 53 &S 5y 0 Sl o
S Sl doss e SHkS sl Tl
5 Al gl mlo Il yd 53 ,e 53 Js ol o Seda
S5 Gty Z0P 5 xiy PPP O (oL
53 PBZ ol 3 5 (ZNZL PO%)s e 5 (ZN**-PH2) LG 55

CBE Ui 5 20 S 5 s 53 2P Ll A S5
20Cmol/kg.soil.

—&— Zn contaminated soil
—¢— Zn-Pb contaminated soil

X 100

[<5] o V'S

()] v

£

(<5}

o

<5

o

<

2

=

=

o

3

g 10 20 Cmol/kg.soil contamiated Kaolinite
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500
t/min

Fig. 8. The adsorption of Zn2* in single and binary-

component systems with 20 Cmol kg concentration.

S sboles a3 4@ WY ki, (V) IS el

eSS sl Yo Shle s cl s seta (A) IS 5o
S sk 5 U3 oS5 e 53 5 3 5 ZNT 0y
e ) e 2 e T3 53 (S50 ol s
LSy L8 b g0 0 3 il S 5 25 (oSS
S coal s 4y slaesls g s ki 4 [19] 55
325 050 5 dol 4l 050 ol L Ol e STy S
o5y sl ad 06 Wil VY daly L Kales

Ln(q, — q) = Lnq, — K;t O Y)adal,

Oley 5o St gy edd o 58 O e O bl s

ol (S0 Jlads Qe ¢ MiN) wles Olej t sl (MY/g) t
b g5 K s YY) daole Sl s S (g, el
s 4 85 505 pad ad 050 slas .ol 935 Jsl 0508

Juﬂ&.lﬂ.wu:».w‘ e“duﬁjub

)
qt ka de de

Olej 5o S 6oy el ol 5B 05 ke Qe alasly ol 5o

)bl

o Slais Qe ¢ Min)wles Ol t casb e (mglg) t
CJ.: k2 9 (mg/g) JJLQJ dl}- DL LS[?- XD ol g.)J?-


http://dx.doi.org/10.22034/23.6.7
https://mcej.modares.ac.ir/article-16-65830-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 |

[ DOI: 10.22034/23.6.7 ]

Ol el 5 Shada el

3-Yarlagadda, P.S., Matsumoto, M.R., VanBenschoten,
J.E. and Kathuria, A., 1995. Characteristics of heavy
metals in contaminated soils. Journal of environmental
engineering, 121(4), pp.276-286.

4-Themelis, N.J. and Ulloa, P.A., 2007. Methane
generation in landfills. Renewable energy, 32(7),
pp.1243-1257.

5-Ouhadi, V. R., Amiri M., 2011. Geo-environmental
Behaviour of Nanoclays in Interaction with Heavy
Meetals Contaminant. Amirkabir J, Civil, vol.42, 29-
36 (In Persian).

6-Voglar, G.E., Lestan, D., 2013.Equilibrium leaching
of toxic elements from cement stabilized soil. Journal
of Hazardous Materials, Vol. 246-247, pp. 18-25.

7-Hekal, E.E., Hegazi, W.S., Kishar, E.A., Mohamed,
M.R., 2011. Solidification/stabilization of Ni (Il) by
various cement pastes. Construction and Building
Materials, Vol. 25, pp. 109-114.

8-Choi, W. H., Lee, S. R, Park, J. Y. 2009.
Cementbased solidification/stabilization of arsenic
contaminated mine tailings. Waste Management, Vol.
29, pp. 1766-1771.

9- Haque, M.A., Chowdhury, R.A., Islam, S., Bhuiyan,
M.S. and Ragib, A.B., 2020. Sustainability assessment
of arsenic-iron bearing groundwater treatment soil
mixed mortar in developing countries, Bangladesh.
Journal of Environmental Management, 261,
p.110257.

10- Zhu, Z., Gao, C., Wu, Y., Sun, L., Huang, X., Ran,
W., and Shen, Q., 2013. Removal of heavy metals
from aqueous solution by lipopeptides and
lipopeptides modified Na-montmorillonite.
Bioresource technology, 147, 378-386.

11- Lippmann, M. ed., 2000. Environmental toxicants:
human exposures and their health effects.

12- Moghal, A.A.B., Ashfag, M., Al-Shamrani, M.A.
and Al-Mahbashi, A., 2020. Effect of Heavy Metal
Contamination on the Compressibility and Strength
Characteristics of Chemically Modified Semiarid
Soils. Journal of Hazardous, Toxic, and Radioactive
Waste, 24(4), p.04020029.

13- Liu, F., Yi, S., Zhou, W.H., Chen, Y.Z. and Wong,
M.H., 2020. Amendment additions and their potential
effect on soil geotechnical properties: A perspective
review. Critical Reviews in Environmental Science
and Technology, pp.1-42.

14-Todaro, F., De Gisi, S. and Notarnicola, M., 2020.
Contaminated marine sediment
stabilization/solidification treatment with
cement/lime: leaching behaviour investigation.
Environmental Science and Pollution Research, pp.1-
9.

e 3y 93 0t 53 S55 5 D 2 pws

35 e 53 ZNF o (Jy CBI (6 R ot 53 2
ils (S35 ke e b Sl (5 St J1alS 4
Gl Ll e ZnT Ll dops ke Sopsb e
3 2B oSS e 53 PHED) gl 5 PH=12)
RIVARK j-/.O' S gl %JJMJJMWLMG.&
RGN

S35 5 S ST S 5 5 5 ke e 53 (612 ()
S s S ws edalin Ghis Of Jdoe Loodd 4
;,.:SJS v.:.«.v.:«af L Zn2+ 9 Pb2+ 6‘J.» (AY> JJLQJ” g_).l?-
Sl Yo Bl b da Sl s i i 4 Sl U5
S Gl Sl (Ssles iie eSSV 55 (0)
e Sl 53 1y lesl CBlE s 5y 5 e gl
C,.&\)@L}Jg«sfjsju

b Sl HY 0p b Sl S50l s 5 el
s_;.,b- SO @ o Ol 348 0 s O 2
fh).ijbj.)g_).l?-d‘ﬂ“bl}rjuﬂ“\.&}o.)\.&rsd«:);gb-
A S sy Ol 5 S EE CedHE S0
L) 3 35 o S0 & Somd o B Ol (il 2
GOS0 s & 5g oS ptegw PO > Zn?
Codls S5 e (PR Jsl pdsode GOl S luds
.[44, 53, 54] Pb(7.8) > Zn(9.0)

cu'b“bj vf;_,ﬂ cble sk 5 ke ol aslie LY
s 33 8 53 0 S5kS p Jge Bl Yo Bl s g,
Dy by 3 & 5 oGes

References égb.o—o

1- Aziz, B.K., Shwan, D.M.S. and Kaufhold, S., 2019.
Characterization of Tagaran natural clay and its
efficiency for removal of cadmium (Il) from
Sulaymaniyah industrial zone sewage. Environmental
Science and Pollution Research, pp.1-13.

2- Bhattacharyya, K.G. and Gupta, S.S., 2008.
Adsorption of a few heavy metals on natural and
modified kaolinite and montmorillonite: a review.

Advances in colloid and interface science, 140(2),
pp.114-131.


http://dx.doi.org/10.22034/23.6.7
https://mcej.modares.ac.ir/article-16-65830-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 |

[ DOI: 10.22034/23.6.7 ]

VEeY JLA/W&)L@J/(’}N)MD}}}

25- Panda, L., Jena, S.K., Rath, S.S. and Misra, P.K.,
2020. Heavy metal removal from water by adsorption
using a low-cost geopolymer. Environmental Science
and Pollution Research, pp.1-15.

26-Goodarzi, A.R. and Movahedrad, M., 2017.
Stabilization/solidification ~ of  zinc-contaminated
kaolin clay using ground granulated blast-furnace slag
and different types of activators. Applied
Geochemistry, 81, pp.155-165.

27-Gu, X., Evans, LJ. and Barabash, S.J., 2010.
Modeling the adsorption of Cd (1), Cu (1), Ni (II), Pb
(1) and Zn (1) onto montmorillonite. Geochimica et
Cosmochimica Acta, 74(20), pp.5718-5728.

28-Gu, X. and Evans, L.J., 2008. Surface complexation
modelling of Cd (11), Cu (I1), Ni (1I), Pb (II) and Zn
(1) adsorption onto kaolinite. Geochimica et
Cosmochimica Acta, 72(2), pp.267-276.

29- Ogundipe, K. D., and Babarinde, A., 2017.
Comparative study on batch equilibrium biosorption
of Cd (II), Pb (1) and Zn (I1) using plantain (Musa
paradisiaca)  flower:  Kinetics, isotherm, and
thermodynamics. Chem. Int, 3(2), 135-149.

30-Foo, K. Y. and Hameed, B. H., 2010. Insights into
the modeling of adsorption isotherm systems.
Chemical engineering journal. 156(1), 2-10.

31-Febrianto, J., Kosasih, A. N. Sunarso, J. Ju, Y. H.
Indraswati, N. and Ismadji, S., 2009. Equilibrium and
kinetic studies in adsorption of heavy metals using
biosorbent: a summary of recent studies. Journal of
hazardous materials, 162(2-3), 616-645.

32-Hickam, E. S., Berradi, M., Belfakir, M., and El
Youbi, M. S., 2016. Kinetic study of copper
adsorption onto Moroccan lllitic and kaolinite clay.
Moroccan Journal of Chemistry, 4(2), 4-2.

33- Bentahar, S., Dbik, A., El Khomri, M., El
Messaoudi, N., and Lacherai, A., 2017. Adsorption of
methylene blue, crystal violet and congo red from
binary and ternary systems with natural clay: Kinetic,
isotherm, and  thermodynamic.  Journal  of
environmental chemical engineering, 5(6), 5921-5932.

34-Handershot W. H., Duquette M., 1986. A simple
barium chloride method for determining cation
exchange capacity and exchangeable cation, Soil Sci.
Soc, Am. J. Vol. 50. 605-608.

35- Eltantawy, I. M., & Arnold, P. W. (1973).
Reappraisal of ethylene glycol mono-ethyl ether
(EGME) method for surface area estimations of clays.
Journal of Soil Science, 24(2), 232-238.

36-EPA, 1986. Process design manual: land application
of municipal sludge, Res. Lab. EPA-625/1-83-016.

37-Mahmoud, M. E., Amira, M. F., Seleim, S. M., and
Mohamed, A. K., 2017. Adsorption isotherm models,

15-Ouhadi, V. R., Yong, R. N., Shariatmadari, N.,
Saeidijam, S., Goodarzi, A. R., and Safari-Zanjani,
M., 2010. Impact of carbonate on the efficiency of
heavy metal removal from kaolinite soil by the
electrokinetic soil remediation method. Journal of
Hazardous Materials, 173(1-3), 87-94.

16- Liu, X., Hicher, P., Muresan, B., Saiyouri, N., and
Hicher, P. Y., 2016. Heavy metal retention properties
of kaolin and bentonite in a wide range of
concentration and different pH conditions. Applied
Clay Science, 119, 365-374.

17- Xi, J., He, M., & Kong, L., 2016. Adsorption of
antimony on kaolinite as a function of time, pH, HA
and competitive anions. Environmental Earth
Sciences, 75(2), 136 .

18- Reddy, V. A, Solanki, C. H., Kumar, S., Reddy, K.
R., & Du, Y. J. (2020). Stabilization/Solidification of
Zinc-and Lead-Contaminated Soil Using Limestone
Calcined Clay Cement (LC3): An Environmentally
Friendly Alternative. Sustainability, 12(9), 3725.

19-Jiang, M.G. Jin, X.Y. Lu, X.Q Chen, Z.L., 2010.
Adsorption of Pb(Il), Cd(Il), Ni(Il) and Cu(ll) onto
natural kaolinite clay. Desalination, 252, pp 33-39.

20- Dolui, M., Rakshit, S., Essington, M. E., and
Lefévre, G., 2018. Probing Oxytetracycline Sorption
Mechanism on Kaolinite in a Single lon and Binary
Mixtures with Phosphate using In Situ ATR-FTIR
Spectroscopy. Soil Science Society of America
Journal.

21- Moon, D.H., Wazne, M., Yoon, I.H. and Grubb,
D.G., 2008. Assessment of cement kiln dust (CKD)
for stabilization/solidification (S/S) of arsenic
contaminated soils. Journal of Hazardous Materials,
159(2-3), pp.512-518.

22- Mahmoud, M. E., Amira, M. F., Seleim, S. M., and
Mohamed, A. K., 2017. Adsorption isotherm models,
kinetics study, and thermodynamic parameters of Ni
(1) and Zn (I1) removal from water using the LbL
technique. Journal of Chemical & Engineering Data,
62(2), 839-850. Zn (I1) removal from water using the
LbL technique. Journal of Chemical & Engineering
Data, 62(2), 839-850 .

23- Gu, X. and Evans, L.J., 2008. Surface complexation
modelling of Cd(Il), Cu(ll), Ni(ll), Pb(ll) and Zn(ll)
adsorption  onto  kaolinite.  Geochimica et
Cosmochimica Acta, 72(2), pp 267-276.

24- Moragaspitiya, C., Rajapakse, J. and Millar, G.J.,
2020. Effect of struvite and organic acids on
immobilization of copper and zinc in contaminated
bio-retention filter media. Journal of Environmental
Sciences, 97, pp.35-44.


http://dx.doi.org/10.22034/23.6.7
https://mcej.modares.ac.ir/article-16-65830-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 |

[ DOI: 10.22034/23.6.7 ]

Ol el 5 Shada el

using activated carbon derived from bagasse—an
agricultural waste. Water research, 36(9), 2304-2318.

50- Lin, S.H. and Juang, R.S., 2002. Heavy metal
removal from water by sorption using surfactant-
modified montmorillonite. Journal of hazardous
materials, 92(3), pp.315-326.

51- Ma, Q. Y., Traina, S. J., Logan, T. J., and Ryan, J.
A., 1994, Effects of aqueous Al, Cd, Cu, Fe (Il), Ni,
and Zn on Pb immobilization by hydroxyapatite.
Environmental science & technology, 28(7), 1219-
1228.

52- Lasheen, M. R., El-Sherif, I. Y., Sabry, D. Y., El-
Wakeel, S. T., and El-Shahat, M. F., 2016.
Adsorption of heavy metals from aqueous solution by
magnetite  nanoparticles and magnetite-kaolinite
nanocomposite: equilibrium, isotherm and Kkinetic
study. Desalination and Water Treatment, 57(37),
17421-17429.

53- Darban, A. K., Foriero, A., & Yong, R. N. (2000).
Concentration effects of EDTA and chloride on the
retention of trace metals in clays. Engineering
geology, 57(1-2), 81-94.

54- Ouhadi ,V.R, Bahadori Nezhad, O.R., Amiri,
M.(2014). Lead Retention of Carbonated Kaolinite in
the Adsorption and Electrokinetics Processes.
Modares Civil Engineering Journal (M.C.E.J), Vol.
14, No. 3. "(In Persian)".

e 3y 93 0t 53 S55 5 D 2 pws

kinetics study, and thermodynamic parameters of Ni
(1) and Zn (1) removal from water using the LbL
technique. Journal of Chemical & Engineering Data,
62(2), 839-850.

38-Panda, L., Rath, S. S., Rao, D. S., Nayak, B. B., Das,
B., and Misra, P. K., 2018. Thorough understanding of
the kinetics and mechanism of heavy metal adsorption
onto a pyrophyllite mine waste based geopolymer.
Journal of Molecular Liquids, 263, 428-441 .

39-Xiang, L., Wang, X. D., Chen, X. H., Mo, C. H., Li,
Y. W, Li, H, and Li, Q X, 2019. Sorption
mechanism, kinetics and isotherms of di-n-butyl
phthalate to different soil particle-size fractions.
Journal of agricultural and food chemistry.

40-Ho, Y.S. and McKay, G., 2000. The kinetics of
sorption of divalent metal ions onto sphagnum moss
peat. Water research, 34(3), pp.735-742.

41- Ouhadi, V. R., Yong, R. N., and Sedighi, M., 2006.
Desorption response and degradation of buffering
capability of bentonite, subjected to heavy metal
contaminants. Engineering Geology, 85(1-2), 102-
110.

42- Lawal, 1. A., and Moodley, B., 2016. Column,
kinetic and isotherm studies of PAH (phenanthrene)
and dye (acid red) on kaolin modified with 1-hexyl, 3-
decahexyl imidazolium ionic liquid. Journal of
environmental chemical engineering, 4(3), 2774-2784.

43-Srivastava, P., Singh, B., and Angove, M., 2005.
Competitive adsorption behavior of heavy metals on
kaolinite. Journal of Colloid and Interface Science,
290(1), 28-38.

44-Usman, A. R. A., 2008. The relative adsorption
selectivities of Pb, Cu, Zn, Cd and Ni by soils
developed on shale in New Valley, Egypt. Geoderma,
144(1-2), 334-343.

45-Yavuz, O., Altunkaynak, Y., and Giizel, F., 2003.
Removal of copper, nickel, cobalt and manganese
from aqueous solution by kaolinite. Water research,
37(4), 948-952.

46- Addy, M. Losey, B. Mohseni, R. Zlotnikov, E.
and Vasiliev, A., 2012. Adsorption of heavy metal
ions on mesoporous silica-modified montmorillonite
containing a grafted chelate ligand. Applied Clay
Science,” 59-60, pp. 115-120.

47- Azizian, S., 2004. Kinetic models of sorption: a
theoretical analysis. Journal of colloid and Interface
Science, 276(1), 47-52.

48- Liu, Z. R., & Zhou, S. Q., 2010. Adsorption of
copper and nickel on Na-bentonite. Process safety and
environmental protection, 88(1), 62-66.

49- Mohan, D., and Singh, K. P., 2002. Single-and
multi-component adsorption of cadmium and zinc


http://dx.doi.org/10.22034/23.6.7
https://mcej.modares.ac.ir/article-16-65830-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/23.6.7 ]

Volume 23, Issue 6, 2024 Modares Civil Engineering Journal

Assessment of lead and zinc absorption by Kaolinite
clay in single/binary component contamination systems

Amir Jamshidi'*,Amir Reza Goodarzi?, Amir Ranjbaran?

1,3- Samin Ab Consultant Engineering Co., Qazvin.
2- Associated Professor, Faculty of Engineering, Hamedan Branch, Islamic Azad University, Hamedan.
E-mail: jamshidi. A@lauh.ac.ir

Abstract

Nowadays, the environmental pollutions caused by the increase in population and the development of industries
threaten the health of the inhabitants of the planet. The most important pollutants of water and soil resources are heavy
metals that lead and zinc are the most abundant elements among them. The presence of large amounts of heavy metals
in the soil causes groundwater pollution and eventually the occurrence of many dangerous diseases including cancer,
digestive disorders, kidney diseases, mental retardation and blood and brain diseases. The movement of water in the
surface and underground streams is one of the main causes of the release of heavy metals in the soil which causes
transfer of pollutions from the contaminated soil to the surroundings and entrance of these harmful metals into the
human diet. The main purpose of this study was to evaluate the selective absorption of lead and zinc by Kaolinite clay
in single and binary-component systems. For this purpose, the Kaolinite clay was firstly mixed with the lead and zinc in
distilled water at ratio of 1:20 to prepare model contaminated suspensions. Three specimens were prepared for each
sample according to the EPA (1983) and EPA (2010) methods. The effect of different pH (i.e. 2 to 12) and pollutants
concentrations (i.e. at concentration of 20 Cmol kg™?) on the adsorption capacity of Kaolinite was measured using
spectrophotometer. It was found that by decreasing in pH to 2 in both single and binary component pollutant systems (at
concentration of 20 Cmol kg), the adsorption percent decreased significantly. However, the adsorption of lead in pore
fluid was higher than zinc in alkaline and acidic conditions for both binary and single-component systems. The
adsorption percent of Pb?* was not changed in both systems, however, adsorption of Zn?* was significantly reduced in
the binary system-component compared to the single system-component. In addition, the adsorption percent of Zn%* in
alkaline (pH=12) and acidic (pH=2) conditions decreased by about 50 and 20% in the binary system-component
compared to the single system-component, respectively. Furthermore, the findings indicated that Langmuir isotherm
had the highest consistency in the single and binary-component systems for lead and zinc contaminations at the studied
concentration. The results of absorption Kkinetics in both systems illustrated that the lead absorption rate was decreased
0.15% in binary-component system compared to the single-component system at concentration of 20 Cmol kg?. In
contrary, the zinc absorption rate in the combination system was reduced 87.5% at this concentration. On the other
hand, the adsorption kinetics of lead metal at the test concentration for kaolinite clay in both systems had the same
constant as the pseudo-first and second order equations because in both systems the amount of lead adsorption did not
change. Instead, the rate of adsorption on zinc had a significant change in the binary system compared to the single
state. the resulting values were more consistent with the pseudo- second order equation. In general, the ion adsorption of
Pb2*under all environmental conditions in the pore fluid was more than Zn?* in both systems due to the lower value of
the first hydrolysis constant (pki) of lead compared to zinc (i.e. Pb(7.8) > Zn(9.0)). By comparing the values of k; and
k» in the concentration of pollution in the experiment, it was found that k; of lead and zinc metals for a concentration of
20 Cmol kg was higher than k. and this represented the higher reaction rate to the Kaolinite clay for lead compared to
zinc.
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